Activation of the mTOR pathway subsequent to phosphatase and tensin homolog (PTEN) mutation may be associated with glucocorticoid (GC) resistance in acute lymphoblastic leukemia (ALL). The combination activity of rapamycin and dexamethasone in cell lines and xenograft models of ALL was determined. Compared with either drug alone, dexamethasone + rapamycin showed significantly greater apoptosis and cell cycle arrest in some cell lines, which was more frequently seen in T-lineage cell lines with PTEN mutation. The combination significantly extended the event-free survival of mice carrying PTEN mutated xenografts. Our data suggest that PI3K/mTOR pathway inhibitors could benefit patients with PTEN mutated T-ALL.
Introduction
Due to the potent pro-apoptotic properties of glucocorticoids (GC) against lymphoid cells, GCs are commonly employed in the therapy of lymphoid malignancies. The cell-death effect of GC is strictly dependent upon the interaction of GC with the cytosolic GC receptor (GR), a ligand-activated transcription factor of the nuclear receptor family [1] , which mediates induction of apoptosis [1, 2] . However, mutations of the GR are infrequently detected in primary leukemia samples from GC-resistant patients, indicating that GC resistance is unlikely to be GR-mediated in lymphoid leukemia [3] . In spite of the poor understanding of GC resistance, enhancing GC-induced cytotoxicity remains important as the response to GC therapy is a solid prognostic factor for pediatric ALL.
The PI3K/Akt/mTOR signaling pathway is inappropriately activated in many cancers, which may result in uncontrolled growth and survival of cancer cells [4] . PTEN (phosphatase and tensin homolog) is a tumor suppressor that acts as a phosphatase for the lipid signaling intermediate phosphatidylinositol-3,4,5-triphosphate (PIP3), which turns off PI3K(phosphoinositide 3-kinase)/Akt signaling [5] . Genetic abnormalities, such as the loss of PTEN, can activate PI3K/Akt signaling [6] . The phosphorylation of Akt by mTOR complex 2 (mTORC2) results in full activation of this kinase [7] , which then activates the mTOR complex 1 (mTORC1) to phosphorylate S6K1 and dissociate 4EBP1 (eukaryotic translation initiation factor 4E-binding protein 1) from the initiation factor [7] . S6K1 and 4EBP1 play major roles in the growth and proliferation of cancer cells [8] . Rapamycin, an mTOR inhibitor [9] , dephosphorylates 4EBP1 and S6K1 by inhibiting mTORC1 phosphorylation of rictor, one of the proteins in the mTORC2 [10] . Rapamycin and its analogs showed anti-cancer activity in preclinical models [11] as well as modest clinical benefits in several cancers [12] [13] [14] [15] [16] [17] . However, the clinical activity of rapamycin analogs used for anti-neoplastic therapy as single agents has been disappointing [18] , suggesting that combining such agents with other drugs will be necessary to achieve substantial clinical activity.
The mTOR signaling pathway is essential for cell growth and survival in lymphoid malignancies [19, 20] . In addition, activation of mTOR has been suggested to one mechanism of GC resistance [21] . A gene expression-based screening study identified rapamycin as a sensitizer for leukemia cells to GC by inhibiting Mcl-1 translation in a cell culture model [22] , while another study reported that RM reversed GC resistance in ALK+ lymphoid tumor cells [23] . PTEN, a negative regulator of the PI3K/mTOR pathway, is frequently mutated in T-lineage ALL (T-ALL), and the deletions of PTEN are a distinguishing feature between hematopoietic stem cells and leukemia initiating cells. [24, 25] . Therefore, inhibition of the mTOR pathway may sensitize ALL cells, especially T-ALL to chemotherapeutic agents. We assessed combination activity of rapamycin and dexamethasone in a panel of in vitro and in vivo models of pediatric cancers [26] . In this study, we evaluate the combination activity of rapamycin and dexamethasone and characterize a molecular mechanism of synergy between those agents using a larger panel of in vitro and in vivo models of lymphoid malignancies.
Materials and Methods

In vitro Cell Culture
Cell lines from human T-cell leukemia established from children at diagnosis (COG-LL-329h) or at relapse (COG-LL-317h, COG-LL-332h, COG-LL-384h) and human pre-B leukemia cells established at diagnosis from children prior to therapy (COG-LL-319h) or at relapse (COG-LL-355h) were obtained from the Children's Oncology Group (COG) Cell Line and Xenograft Repository (www.cogcell.org) approximately one month prior to each experiment. COG leukemia lines were cultured in Iscove's modified Dulbecco medium (IMDM; Cambrex, Walkersville, MD) supplemented with 3 mM L-glutamine, 5 μg/mL insulin, and 20% heat-inactivated fetal bovine serum (FBS). NALM-6 (pre-B ALL, obtained from Deutsche Sammlung von Mikroorganismen und Zellkulturen (DSMZ), German Collection of Microorganisms and Cell Cultures, Braunschweig, Germany), and RS4-11 (pre-B ALL), T-cell ALL cell lines (CCRF-CEM, MOLT-3, MOLT-4) from American Type Culture Collection (Manassas, VA) were maintained in RPMI-1640 medium (Mediatech, Herndon, VA) supplemented with 10% heat-inactivated FBS. All cell lines used were identified as mycoplasma free, and were cultured and treated with drugs in a 37°C incubator with 5% O 2 (bone marrow-level hypoxia) [27] , 5% CO 2 , and 90% N 2 . Cell line identities were confirmed after each expansion but prior to freezing by short tandem repeat (STR) profiling [28] ; STR's were unique for all cell lines except the ones established from the same patients at different stages of the disease (MOLT-3 and MOLT-4, and COG-LL-329 and COG-LL-332). Studies using human specimens were approved by the Investigational Review Board of Texas Tech University Health Sciences Center.
Cytotoxicity assay
The in vitro activities of dexamethasone (Sigma-Aldrich, St. Louis, MO), rapamycin (LC Laboratories, Woburn, MA) and their combination were determined using the DIMSCAN digital imaging microscopy cytotoxicity system in 11 ALL cell lines as previously described [29] .
Cell lysates and immunoblot analysis
Whole-cell extracts were prepared by lysis of cells in radioimmunoprecipitation (RIPA) lysis buffer (Upstate, Lake Placid, NY) with 1 mM phenylmethanesulphonylfluoride (PMSF) and protease inhibitor cocktail (Sigma-Aldrich) for 30 minutes on ice. To analyze cytochrome c and Smac release from mitochondria, cytosol was extracted using Mitochondria/Cytosol Fractionation Kit (Biovision, Mountain View, CA). Immunoblotting was performed as previously described. [29] The following antibodies were used: Rabbit antihuman caspase-3 (8G10), caspase-9, E2F1, Rb, phospho-Rb (Ser807/811), phospho-Rb (Ser795), phospho-Rb (Ser780), Akt, phospho-Akt, S6K1, phospho-S6K1, S6, phospho-S6, phospho-4EBP1, XIAP antibodies from Cell Signaling Technology (Danvers, MA); PTEN, phospho-PTEN, cytochrome c, 4EBP1 from Santa Cruz Biotechnology (Santa Cruz, CA); antihuman Smac antibody from CalBiochem (Darmstadt, Germany); horseradish peroxidase (HRP) -conjugated rabbit anti-mouse IgG (Sigma) and donkey anti-rabbit/goat IgG (Santa Cruz).
Gene transfer by electroporation
We transfected CCRF-CEM cells with a small interfering RNA (siRNA) targeted against the S6K1 gene (Accession: NM_003161) from Integrated DNA Technologies (Skokie, IL) as previously described [29] . The sequences of the siRNAs used are and Transfection conditions were optimized using Cy3 TM DS Tranfection Control (Integrated DNA Technologies) at a final concentration of 10 nM. A non-targeting sequence was used as a negative control (DS scrambled negative control). Knock-down efficiency was assessed by measuring the amount of S6K1 protein by immunoblotting in cells transfected with siRNA against S6K1 relative to cells transfected with scrambled siRNA. The cytotoxicity effect was measured by DIMSCAN.
Apoptosis, mitochondrial membrane depolarization (Δψm) and cell cycle analysis by flow cytometry
Apoptosis was quantified by staining cells with annexin and propidium iodide (PI) using an Annexin V -FITC apoptosis detection kit (BD bioscience, San Jose, CA), and the changes in mitochondrial membrane potential were measured using JC-1 as described previously [29] . The effect of the agents on cell cycle arrest was assessed as previously described [30] . Apoptosis, mitochondrial depolarization and cell cycle analysis were assessed using a BD LSR II flow cytometer (BD Biosciences, San Jose, CA), operated with DiVA software (version 6.11). Bandpass filters were 525 ± 25 nm for FITC or JC-1 green and 610 ± 10 nm for PI or JC-1 red.
cDNA PCR assay with direct sequencing for PTEN mutation analysis
RNA was extracted from 7 cell lines using the Trizol reagent (Invitrogen, Carlsbad, CA) and reverse-transcribed to synthesize single -stranded cDNA with the use of the high capacity cDNA reverse transcription kit (Applied Biosytems, Foster City, CA). Primers were designed to amplify exon 1 to exon 8 of PTEN; Forward: 5'-CTTTTTCTTCAGCCACAGGC-3' and Reverse: 5'-TGACGGCTCCTCTACTGTTTT-3'. The gene was polymerase chain reaction (PCR)-amplified and the PCR products (diluted to 100 ng/μl) were sequenced at the Biotechnology and Genomics Center, Texas Tech University.
Enzyme activity of p70S6 kinase
To measure S6K1 enzyme activity, cells were resuspended in PBS and lysed by sonication for 5-10 seconds. Cell lysates containing 100 μg of protein were immunoprecipitated with either S6K1 antibody or control non-immune rabbit immunoglobulin (RIgG). S6K1 enzyme activity was measured using an S6K1 assay kit (Upstate Biotechnology, Lake Placid, NY) containing a S6K1 peptide substrate (AKRRRLSSLRA) according to the manufacturer's instructions. Briefly, 10 μl of substrate cocktail, 10 μl of inhibitor cocktail and 10 μl of enzyme preparation were added to a microcentrifuge tube, and the reaction was started by adding 10 μl of the Mg2+/ATP cocktail containing [γ-32 P]ATP. After 10 min of incubation at 30°C, 25 μl of sample mixture were spotted onto P81 phosphocellulose paper and incubated for 30s to allow the radiolabelled substrate to bind the filter paper. The papers were then washed three times with 0.75% phosphoric acid and once with acetone wash. Each square was transferred to a scintillation vial and the radioactivity was measured.
In vivo activity of dexamethasone and rapamycin
Systemic xenograft models-The in vivo activity of dexamethasone in combination with rapamycin was investigated in two ALL xenograft models, COG-LL-317x (T-ALL direct xenograft) and RS4;11 (Pre B-ALL). Female nonobese diabetic/severe combined immunodeficient (NOD/SCID) mice aged 6 to 8 weeks were purchased from Charles River Laboratories (Wilmington, MA). On the day of inoculation, mice were irradiated (250 cGy of total-body irradiation), and injected via tail vein injection with 2 × 10 6 COG-LL-317x or 8 × 10 6 RS4;11 cells in 100 μL serum free medium. After two weeks, groups of 8 mice were injected intraperitoneally with dexamethasone (30mg/kg/day) and/or rapamycin (5mg/kg/ day) daily (M-F) for 4 weeks. Event-free survival (EFS) was measured from the date of inoculation to the first observation of disease progression or drug-related toxicity (>20% weight loss, lethargy, ruffled fur).
Statistical analyses
For in vitro experiments, combination indices (CI) were calculated using Calcusyn (Biosoft, Cambridge, United Kingdom), which numerically quantifies drug synergism based on the multiple drug-effect equation of Chou-Talalay derived from enzyme kinetic methods [31] . A CI value < 0.9 indicates synergism; 0.9 to 1.10 additive; >1.1 antagonism. The CI values were calculated for each fixed-ratio concentration that was used for the cytotoxicity assays. Statistical evaluation of apoptosis, cell cycle progression, and S6K1 enzyme activity was performed using Student's t-test. P-values were two sided and tests were considered significant at P < 0.05.
Mouse EFS was graphically represented by Kaplan-Meier analysis, and survival curves were compared by log-rank test where P values less than 0.05 were considered significant. The plotting and statistical analysis of the data was performed using GraphPad Prism (GraphPad Software, La Jolla, CA).
Results
Rapamycin enhanced dexamethasone cytotoxicity in some ALL and lymphoma cell lines
The sensitivities of 11 human ALL cell lines to dexamethasone, rapamycin, or dexamethasone + rapamtcin were determined at clinically achievable concentrations [32] using the DIMSCAN cytotoxicity assay. As shown in the dose-response curves (Fig. 1A and  B) , both rapamycin and dexamethasone were cytotoxic for < 90% of cells as single agents in all the cell lines tested except that dexamethasone achieved > 99% cell kill in RS4;11 cells. Moreover, the dose-response curves appeared to reach a plateau at higher concentrations of rapamycin when used as a single agent in the majority of the cell lines, which is commonly seen with cytostatic agents while dexamethasone cytotoxicity was concentration-dependent in cell lines relatively sensitive to rapamycin, e.g. CCRF-CEM, COG-LL-317h, RS4;11, COG-LL-319h. For dexamethasone + rapamtcin, the viabilities of four of the 11 ALL cell lines were affected more than 90%. Combination indices (CI) were calculated at the fixedratio drug concentrations to assess combination activity of dexamethasone and rapamycin as described under Methods. Strong synergy (CI <0.3) was observed in four of 11 cell lines: CCRF-CEM; COG-LL-317h; NALM-6; COG-LL-384.
Rapamycin plus dexamethasone induced apoptosis via mitochondrial pathway
We investigated the effect of dexamethasone, rapamycin, and dexamethasone + rapamycin on a mitochondrial apoptosis in COG-LL-317h cells. In COG-LL-317h cells, the percentages of apoptotic cells by Annexin V positivity were vehicle control = 3.9% ± 0.5%, dexamethasone = 32.8% ± 0.9% (P = 0.012), rapamycin = 2.4% ± 0.1% (P < 0.01), and rapamycin + dexamethasone = 81.1 ± 10.6% (vs dexamethasone, P=0.012; vs rapamycin, P < 0.01) (Fig. 2A) . In addition, dexamethasone + rapamycin resulted in greater mitochondrial membrane depolarization than either drug alone (Fig. 2B ) in COG-LL-317h cells (P < 0.001 compared with dexamethasone or rapamycin). To further confirm the combination effect of dexamethasone and rapamycin on induction of the mitochondrial apoptosis pathway, we also examined cytochrome c and Smac release from mitochondria to cytosol. The levels of cytosolic cytochrome c and Smac were greater in cells treated with dexamethasone + rapamycin than cells treated with dexamethasone or rapamycin as single agents (Fig. 2C) . Also, the decrease in procaspase-9 and the increase in cleaved caspase-3 were enhanced by dexamethasone + rapamycin compared with that found in cells treated with single agents (Fig. 2D) .
Effect of dexamethasone plus rapamycin on cell cycle
As both rapamycin or dexamethasone are suggested to induce G0/G1 arrest in leukemia cells, we investigated the effect of dexamethasone + rapamycin on cell cycle arrest by assessing DNA content in COG-LL-317h and CCRF-CEM cell lines. Cell cycle was analyzed after the cells were treated with dexamethasone, rapamycin, or dexamethasone + rapamycin for 12, 24, or 36h. Dexamethasone + rapamycin treated COG-LL-317h cells displayed a significantly greater G0/G1 arrest (86.2 ± 4.0%) compared with vehicle control (57.3 ± 1.6%, P < 0.01), dexamethasone (74.1 ± 3.0%, P < 0.05), or rapamycin (74.4 ± 4.7% P < 0.05) after 24 hours of treatment. The differences in cell cycle distribution among groups were even greater by 36 h, leading to greater G0/G1 arrest (Fig. 3A) . Similar changes in cell cycle distribution were observed in CCRF-CEM cells, another synergistic cell line (data not shown). In COG-LL-317h cells, changes in proteins that contribute to G0/G1 arrest were observed to a greater extent by the dexamethasone + rapamycin combination at 36h as compared with single agents in a time-dependent manner. Changes observed in COG-LL-317h include induction of p27, and decreased retinoblastoma protein (Rb), phospho-Rb (p-Rb), E2F1, cyclin E, and cyclin D2 (Fig. 3B ).
Dexamethasone and rapamycin combination on PI3K pathway
Changes in the expression of proteins in the PI3K pathway were analyzed in COG-LL-317h and CCRF-CEM cell lines after treating the cells with dexamethasone, rapamycin, or dexamethasone + rapamycin. As shown in Figure 4 , PTEN expression and phosphorylation were minimal in COG-LL-317h and were relatively low in CCRF-CEM cells. Subsequent sequencing experiments show that all T-cell ALL cell lines (COG-LL-317h, CCRF-CEM, MOLT-3, MOLT-4, COG-LL-329h, COG-LL-332h) have mutations on exon 5 and/or exon 7, but not B-lineage ALL cell lines (RS4;11 and COG-LL-319h). Interestingly, phospho-S6K1 (p-S6K1) was inhibited by dexamethasone + rapamycin, and the phosphorylation of the S6K1 substrate, S6 was inhibited by rapamycin in COG-LL-317h and CCRF-CEM (Fig.  4A ).
To further investigate the relevance of S6K1 in the synergy of dexamethasone + rapamycin, we assessed S6K1 enzyme activity after treating cells with dexamethasone, rapamycin, or the combination of the two drugs in CCRF-CEM cells. Although S6K1 activity was not affected by dexamethasone or rapamycin as single agents compared with controls (P > 0.13), the combination of dexamethasone + rapamycin significantly suppressed the S6K1 activity (P < 0.02, Fig. 4B ).
Subsequently, we reduced S6K1 protein levels using siRNA (transfection efficiency 86%, Fig. 4C ). The suppression of S6K1 protein expression and the inhibition of S6 phosphorylation were not apparent until 48h after transfection, and the inhibitory effect on S6 phosphorylation was diminished at 72h (Fig. 4D) . S6K1 knock-down using siRNA did not affect single drug cytotoxicity of dexamethasone or rapamycin. In contrast, the dexamethasone + rapamycin-induced cytotoxicity was significantly enhanced in cells transfected with siRNA against S6K1 compared with scrambled siRNA-transfected cells (Fig. 4D) .
Activity of dexamethasone and rapamycin against ALL and lymphoma xenografts
The in vivo activity of dexamethasone, rapamycin and dexamethasone + rapamycin was assessed in a model that showed synergy in cell culture experiments (COG-LL-317x: direct xenograft of COG-LL-317h) and one without synergy (RS4;11) in mouse xenografts. In COG-LL-317x systemic xenograft model, rapamycin as a single agent extended event-free survival (EFS) of leukemia-bearing mice compared with control, and dexamethasone + rapamycin significantly prolonged EFS of the xenograft mice compared with control or either single agent (Fig. 5A ). In the RS4;11 systemic xenograft model, consistent with the high sensitivity of the cell line in vitro to dexamethasone, the EFS was extended in mice treated with dexamethasone (P < 0.001 ) or dexamethasone + rapamycin (P = 0.001) compared with the mice treated with vehicle control or rapamycin (Fig. 5B) . However, also consistent with the lack of cytotoxic synergy for RS4;11 in vitro, rapamycin did not enhance EFS compared with dexamethasone alone in RS4;11 xenograft mice.
Discussion
Pediatric ALL is the classic example of successful application of combination chemotherapy. The cure rate of pediatric ALL, which was less than 50% up until the 1970's, is now over 80% with appropriate treatment [33] . However, the T-cell phenotype is one of the negative prognostic factors for pediatric ALL patients [34] . Patients with T-cell ALL have worse outcome when T-lineage and B-lineage ALL patients get the same age/WBCstratified therapy [35, 36] . Ultimate outcomes are similar when T-ALL patients receive optimal therapy (high-risk therapy), but T-ALL patients who relapse tend to relapse earlier and more often in the CNS [37] . Initial response to a glucocorticoid is one of the clinical prognostic factors in T-cell ALL [38] , suggesting that understanding the overcoming GC resistance in T-cell ALL provides a route toward improving clinical outcome. Activation of mTOR is suggested to be related to glucocorticoid resistance [39] . Here we have examined the in vitro cytotoxicity of dexamethasone, rapamycin, and their combination in 11 different cell culture models of acute lymphoblastic leukemia, identified mechanisms of synergistic activity with dexamethasone + rapamycin, and we have confirmed those observations in xenograft models. In several cell lines, dexamethasone + rapamycin was synergistic although the synergism was not limited to the cell lines that are resistant to dexamethasone, suggesting that the synergism of dexamethasone + rapamycin may not be directly associated with dexamethasone resistance. Further, the synergistic cytotoxicity of the dexamethasone + rapamycin combination was more frequent in T-lineage than in B-lineage in ALL cell lines. In fact, NALM-6 was the only B-lineage ALL cell line that showed synergism between dexamethasone and rapamycin.
Our data suggest that both apoptosis and cell cycle arrest by either agents are enhanced by combining two agents together in the cell lines that were synergistically affected by by the dexamethasone + rapamycin although the observations need to be confirmed in a larger panel of preclinical models and in primary samples from future clinical trials. Rapamycin and other mTOR inhibitors are cytostatic via interference with the activation of S6K1 by Akt [40] . S6K1 is a downstream effector of mTOR that can be activated by phosphorylation through PI3K-dependent effectors. S6K1 plays a key role in cell cycle progression through the G1 phase [41, 42] . Therefore, mTOR inhibition results in decreased S6K1 activity which subsequently enhances dexamethasone cytotoxicity. Considering that PTEN is a negative regulator of the PI3K/Akt pathway [6] , which converts the Akt activator, PIP3 (active) to phosphatidylinositol-4,5-bisphosphate (PIP2, inactive), we speculated that PTEN mutations might have resulted in abnormal S6K1 activation in the synergistic cell lines. PTEN mutations or deletions are frequent in T-lineage ALL and PTEN deletions are associated with less favorable outcome in T-cell ALL [24, 43] . We observed that synergistic activity of rapamycin + dexamethasone was more frequent in lines from T-cell relative to B-lineage ALL. To investigate the association between the synergistic activity of rapamycin + dexamethasone and PTEN mutations, we sequenced DNA in the cell lines, and the data revealed that COG-LL-317h (T-lineage ALL, a cell line with synergism) have deletions in exon 7 of PTEN and do not express PTEN protein (Fig. 4) . This may have resulted in high activity of S6K1, which is inhibited by rapamycin and further by the combination with dexamethasone (Fig. 4) in COG-LL-317h cell line. In the isogenic direct xenograft model (COG-LL-317x), rapamycin as a single agent enhanced EFS of leukemia-bearing mice compared with control, and dexamethasone + rapamycin further extended the survival. Our data suggest that the synergy between dexamethasone and rapamycin might be associated with PTEN mutations that result in high S6K1 activity.
There are challenges in targeting the PI3K/Akt/mTOR pathway in ALL patients. Testing novel agents in combination in recurrent ALL is challenging due to the baseline systemic toxicities from the disease process [44] and there is the potential of exacerbating toxicities of current ALL re-induction regimens due to the immunosuppressive effects of rapamycin [45] . In our in vivo experiments, the single agent dexamethasone dose was not tolerable when combined with rapamycin, requiring that dexamethasone dosing for the combination treatment to be reduced to one-fourth of a single dexamethasone dose. Yet, even using lower dosing, the dexamethasone + rapamycin prolonged EFS of mice bearing COG-LL-317x cells compared with the full dose dexamethasone single agent, suggesting that for patients with leukemias sensitive to this combination, rapamycin could improve responses to dexamethasone, even with lower doses of the latter drug being employed to decrease systemic toxicities. An inhibitor of the PI3K/Akt/mTOR pathway without apparent immunosuppression would be an option to investigate in combination with current therapies.
In summary, we showed that rapamycin enhanced the in vitro cytotoxicity and activity against xenografts of dexamethasone in some but not all preclinical models of lymphoid malignancies. We also showed that rapamycin + dexamethasone in combination enhanced apoptosis and cell cycle arrest effect relative to either agent alone, and knock-down of S6K1 resulted in greater in vitro activity for rapamycin and dexamethasone in combination. Our data suggest that a subset of acute lymphoblastic leukemia may be sensitive to dexamethasone + rapamycin and suggest that clinical trials testing this approach be undertaken in acute lymphoblastic leukemia. DEX+RAP on cell cycle progression. (A) Cells (COG-LL-317h) were treated with DEX, RAP or DEX+RAP for 24h and then fixed in 70% ethanol overnight and stained with PI for subsequent analysis by flow cytometry (n=3). Experiments were performed twice and were consistently repeatable; one representative experiment for each condition is shown. (B) COG-LL-317h cells were treated with DEX, RAP, and DEX+RAP for 12, 24 and 36h. Cells were lysed and the lysates were immunobloted with antibodies to CDK2, 4, 6, cyclin D2, cyclin E, p27, retinoblastoma (Rb), p-Rb, and E2F1. Changes in PI3K pathway proteins by DEX + RAP. Cells were treated with DEX (50 nM), RAP (10 ng/ml), or DEX+RAP for 24 and 36h. Cells were lysed and the extracts were subjected to analysis by western blotting using antibodies specific for p85, AKT, p-AKT, PTEN, p-PTEN, S6K1, p-S6K1, S6, and p-S6 (A). Changes in S6K1 enzyme activity after the treatment (B) were assessed in COG-LL-317 cell line as described under Methods (*, p < 0.05; **, p < 0.01). The data represent the mean values for triplicate measurements from two independent experiments, and the values are normalized to vehicle control; error bars represent standard deviation (n=3). The knockdown efficiency (C) was assessed. Although S6K1 protein level was low up to 72 hours of transfection, p-S6 levels increased by 72 hours. Therefore, the cytotoxicity assay after the transfection of siRNAs against S6K1 was performed at 48h after the treatment (D). The cytotoxicity of DEX+RAP after transfecting scrambled siRNA (•) or siRNAs against S6K1 (○) was assessed at 48h after the treatment. Bars represent standard deviation of 12 samples. Experiments were performed twice and were consistently repeatable; one representative experiment for each condition is shown. In vivo activity of DEX, RAP, DEX+RAP with ALL and lymphoma xenograft models. NOD/SCID mice (n=8 per group) were inoculated with COG-LL-317x (A) or RS4;11 (B) through tail vein injection within 8h of irradiation. Mice were treated with vehicle control (Con, black), DEX (green), RAP (blue), or DEX+RAP (red) by intraperitoneal injection. The rapamycin dose was 5mg/kg/day, and dexamethasone 30mg/kg/day as a single agent or 7.5mg/kg/day in combination with rapamycin. The EFS of mice was quantified as the time from the initiation of treatment until mice were killed due to treatment-related toxicity or disease. Each line represents the proportion of mice remaining event-free over time.
